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In  a  latter  dated  March  1$,  1563,  R.  K.  Peoucgnet,  Superintendent  of 
the  Kitchener  Water  ConjsUslon,  re  ejus  s  tod  the  estl&tcnce  of  the  OVRC  In 
determining  the  direction  of  future  well -ft eld  expansion.    Mr.  ftequegnet 
exptelned  thet  the  recent  attention  given  to  water-supply  problems  In 
London  had  boon  reflected  in  Kitchener  end  had  given  rite  to  untenants 
that  the  city's  welt   supplies  could  ha  Halted. 

Between  July  II  and  Minu'aahsr  12.  1963,  «  total  of  epproxlaetaly  kk 
nan-day  were  spent  In  the  field  excel niny  the  geology,  locating  recorded 
vat  It,  and  collecting  temple*  of  water  for  chanlcal  analysis.    The  wall 
data  are  listed  In  Table  I,  the  chanlcal  analyses  of  water  senptes  ere 
listed  In  Table  J,  and  the  locations  of  the  wells  are  shown  on  the 
anylng  naps. 
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Walls  are  located  by  lot,  concession,  and  township,  or  by  the  town  or 

city  la  which  thay  ware  drilled  and  f  numbered  chronologically  within  a 

lot,  tana,  or  city. 

e.g.       Wall  tl-J  In  Lot  IIS.  fiC.T.  was  the  third 

aaM  drilled  la  1 961    la  Lot  IIS  of  tha  Canaan 
tract. 


jlp 

w 

PfTKT 


Halt  *7«?  In  Rltchener  was  the  seventh  wel  I 
drilled  In  1 9*7  In  Kitchener. 


*•  kitchener 

In  Table  t,  tha  aunfctpetltlat  and  wain  divisions  *r«  lined  tlphe 
helically  end  thu  msII*  within  these  are  listad  numerically  fry  concession, 
lot.  year,  and  order  within  the  r»er.     Lot  Unas  «r«  shewn  on  the  Rtp  te 
•14  In  locating  tha  Mills. 

Kitchener  obtains  water  fro*  21  wells  all   of  *nuh  were  constructed 
to  extract  water  fro*  aaalfers  In  tha  overburden.     Two  additional  wells, 
known  aimI'i  15  and  42,  nonaally  ara  not  used.    Well    lj>  was  drilled  Into 
tha  rock  aaa*  yields  poor  quality  watar. 

Tha  well*  ara  growaa4  Into  five  araat  or  wall   fieldi.     Th«»e  «r«  listed 

below: 

■o.  of  yield 

VfM  f\9\i  walla  nimon  s«* 


4  k./ 

Strange  (not  7  :.« 

Including  Well  I  J) 

Hennhoia)  %  H.g, 

Parkway  2  2 

Coaiph  St.  I  G.2! 

(Vail  hi  aaty)  _ 


Tttf  Yftlf "♦.* 

In  19*2  tha  avsraaa  paajies  was  ?.7S  all  Hon  <pd  and  tha 
In  a  single  day  was  19.09  all  I  Ian  fat  tans. 

Pttviottt  wkTta  iHN.crfUT.nw  aaaaajpj 

Tha  original  wstar  work*  plant  waft  constructed  In  lone  by  the  fins  of 
noffatt,  Nodglna  and  Clarke,  of  Syracuse,  N.Y.     This  fine  operated  the  system 
under  tha  newe  of  The  Berlin  Water-works  Caapany     until    Iev6  wnen  it  wai 
purchased  ay  tha  city.     The  original   source  of  supply  wa»  a  sprlny  loka  known 
as  Shoaaahar  Lake  located  at  tha  site  of  tha  Sheaeaker  well  field,     in  109$  a 
supply  of  ground  watar  was  established  at  the  ihoeaaker  Avenue  site  and  tha 
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natural   flo*  fro*  mIIimi  utod  Ot  •  toorca  of  supply,     ty  If*}  tha  natural 
flow  fro*  tho  Mill  prwvwi  to  Im  tn*4*«u»t«  *n*  on  air  lift  »y*Coo  wot  U- 
ttollod  to  puap  thou. 

Slnco  tho  oatobl f thoont  of  tho  water  supply  froa  toil  It  ot  thoonohor 
Avonoo,   ton  drilling  hat  aocn  carried  out  over  o  wlau  arc*  within  owl 
ourroundtng  tho  city.     I«  1915*  walla  waro  drilled  in  tho  irldgeport  oroo 
cad  In  t«20  to  in)  o  Mil  field  wat  euvetoeed  In  tho  itrongo  Street  oroo. 

owing  tho  years  13*2  to  19*9*   Inclusive,  on  e*tentlvo  tott*drIHlng 
progreo  wot  carried  out  In  tho  oroo*  within  flue  alios  of  thn  city.    This 
resulted  lo  tho  toootloot  of  eeeifert  In  the  ftannhalo  and  Parkway  areas. 
Foot  wot  It  were  constructed  lo  tho  MonnholM  oroo  In  tho  period  1 950  to 
1553  end  o  fifth  In  1062,  hut  It  tfti  not  until   l$&9  and  I960  thot  tho  two 
wollt  In  tho  hertooty  area  woro  construe  ud. 

GtOLPQY 

Tho  olovotlon  of  tho  hodroch  surface  In  tho  nop  oreo  vorlot  00 Inly 
ootMOon  IM  hod  1000  foot*    Too  ■•■'ruth  topography  ft  lUuttrotod  on 
Hoo  2  by  weens  of  contours  rep  restating  devotions  eaove  too  level  on  tho 
hadrooh  turfece.    Tho  contour*  Indicate  tha  pretence  of  o  ditto* tod  rlego 
thot  oaten**  fro*  tho  •otartourf  ere*,  through  tho  business  taction  of  tho 
city  to  tha  irotlou  area.    Tho  contour  oop  otto  Indlcotot  tha  pratonco  of 
ot  least  two  ■■drat*  vol  loyt  or  depressions  thot  eateed  to  tho  touthoott 
from  and  ot  right  Oftglet  to  tha  hodroch  rldga. 

Tho  rods  fotajatlont  thot  occur  ot  tha  hodroch  turf  oca  art  of  SHorleo 
ogo  ond  dtp  gently  to  tho  watt*    Tha  following  It  o  brlof  datcrlptlon  of 
tho  Silurian  foromtlont,  which  ora  llatod  la  chronological  ordor  with  tha 
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youngest  «t  the  top.    Only  the  MIIm  and  tualpb  fometioes  «nr  at  the 


Foraetlons  »r 


tomuiaa 

Sal  Im  luff  to  kfMi  dolont  to  m4  I  leattene, 

grey  dolont tic  ■halt,  anhydrite, 
and  SOtt. 

Guelph  Croon  to  buff  dolomite. 

locfcpert  tuff  to  froy  dolonlte. 

Clinton  end  Cataract  White  end  grey  sandstones,  grey  shale. 

ontf  buff  dolonlte. 


Strata  of  the  Sol f no  fomotlon  occur  ot  too  bedrock  wrfoco  In  oil  out 
tho  extreme  seutheestem  oroo  of  tho  nap  and  In  too  bedrock  depression  toot 
occur*  In  tno  Controvlllo  onto.    Too  Guelph  formation  occurs  ot  toe  bedrock 
wrfooo  In  tenia  oroo*  end  under  the  tot  I  no  faneetlon  In  tea  rest  of  the 
area.    The  Interpreted  location  of  the  contact  between  the  Saline  end  euolpft 
feraatlon*  at  the  bedrock  eurfaee  It  ehewi  on  Nop  2. 

The  toebport  foroatlon  deee  act  occur  at  the  bedrock  eurfaee  In  tho 
9rm  but  It  l§  pretent  under  the  laelph  foraatlen  and  amy  be  Intersected  by  eee 
of  tho  deeper  tech  ualle  aatt  and  eoutheett  of  treslou. 

The  only  rack  outcrop*  la  the  area  ere  otont  the  floor  of  the  Speed  nlver 
volley  but  the  bedrock  eerfece  probably  Is  tees  then  30  foot  below  the  trend 
tlwer  la  the  treslou  9n»* 

host  of  the  overburden  aatorlels  wore  deposited  In  Pleistocene  tlnae. 
They  generally  have  a  thickness  of  ISO  foot  or  core  end  In  eany  ereee  west 
and  southwest  of  Kitchener  the  thickness  Is  over  350  foot.    The  overburden 
appears  be  be  thinnest  near  the  trend  tlver  In  the  treslou  oree  where  It 
probably  bee  a  thlcjnees  of  lose  than  K  foot,  end  etong  the  floor  of  tho 
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Speed  %t<mr  valley  at  the  eastern  Unit  of  Ma  Mr  area  where  It  I*  ikw 

totally. 

The  overburden  itpNlti  In  the  eettern  half  of  the  nop  »tmM  ere  de* 
scribed  by  f .  ?.  Harrow  In  the    Meleteeene  teetegy  o*  ttatoltH^  Araf\  Hnterle 
bepartwont  of  Mne«»  •aalasl**!  Circular  Ho.  I.  - 

The  notorial  s  that  were  deposited  by  U«  nro  ionurslly  «  hcteroosnoaus  ■In- 
ters cvf  clny,  tilt,  and  sand,  with  or  without  stones  and  boutdsrs,  called  till . 
The  HifwrtnJ*  djp*P»t«*d  by  weltwuter  coeprlse  reletlvely  well -sorted  s«nd  Om* 
Srtv«: ,   v!tb  ttU  i«rvd  ci»y  occurring  In  areas  where  the  weter  «•»  sanded. 

Till   --robably  U  the  woet  extensive  of  the  overburden  enteritis,  P.  F.  Harrow 
Mt  described  three  Itffl  In  the  eastern  hnlf  of  the  nap  eren  and  suogctts  thet 
other  tilt  thettt  soy  he  present  tela*  then,     The  lowest  «f  the  three  tills  Is 
described  as  n  denw.  sandy  Co>  sily.  stony  till  with  e  yrwy-buff  to  olive 
colour  and  exposure*  thaw  that  It  Is  ©wlole  by  an  often  contorted  verved  clay 
or  a  dtrw  fray,  clay  till  with  a  reddish  or  brownish  tint.    The  uppemest  till, 
catted  the  wentworth  till  by  Kwrrow,  Is  fine  to  coarse  sendy  till .    Accord Ins 
to  Harrow,  asalyasa  of  the  throe  tills  Indicate  thet  they  were  deposited  by 
westward  unvlot  laa  fro*  the  take  Ontario  batln.    He  feels  thet  the  wentworth 
tilt  does  not  antand  westward  beyond  Kitchener.     It  Is  possible  that  the  two 
lawar  tills  uxtnnd  westward  beyond  tan  wentworth  till   into  the  area  west  of 
Kitchener  and  Waterloo.    A  densu,  sllty.  stony  till  with  a  frey-buff  colour 
can  be  soon  In  west  sections  watt  of  Kitchener,  whereas  the  till   in  the  henehelo- 
umiaatburo  araa  It  •  renal*  brawn,  titty,  clay  till  with  stones. 

antler's  teas  ladlaata  the  anfttanco  of  tower  tills  that  probably  da  not 
outcrop  In  the  nap  araa|    however,  It  Is  not  possible  to  determine  how  oany  of. 
these  am  present  because  In  away  cases  the  descriptions  are  insufficient  to 
de  tension  whether  the  enter  lei  t  Intersected  are  tilt  or  lacustrine  depasltt. 


6.  Kitchener 

Tha  overburden  In  the  Kitchener  erea  It  characterised  fey  an  obundenee  of 
•and  end  gravel  la  thp  font  of  eutwash  and  Mat  deposits.    Largo  depetltt  can 
fee  aaaa  at  the  surface  In  areas  adjacent  to  the  grand  River  and  aatt  of 
Kitchener  and  burled  depot! ts  within  tho  overburden  occur  throughout  the  aaaa* 
The  deposits  ara  thickest  naar  rvennhcla,  iretlae,  lenadlately  aatt  of  weterloo, 
and  lawedletoty  aast  of  tha  anp  araa  naar  Main.    Tho  lergttt  aontlaai 
and  gravel  deposit  outcrop*  Just  aatt  of  Kennheln  Mhoro  ft  It  ever  100  fatt 
thick.     it  cen  be  traced  ay  aaant  of  wall  logs  fron  an  aroo  about  one  silt 
aatt  of  Saint  Agatha  to  aa  araa  about  two  allot  touthoatt  of  fsennhef*.    it 
abruptly  an  taa  aatt  hat  although  ft  becomes  thinner  to  tho  aatt  It  probably 
ententes  In  an  Irrlgular  aaonar  to  too  Shoanakor  Avtsue  and  W!l Hamburg  ernes 
aad  It  It  possible  that  tha  aarlad  gravel  deposit  In  tho  Parkway  arat  It  a 
continuation  at  It*    At  Honor*  !■  tha  deposit  It  current-bedded  and  patsos 
upward  Into  sand,    la  west  placot  It  It  overlain  and  underlain  by  till  but 
a  tost  hole  (Wall  Ho.  19*1  In  tat  1.  Con.  IASt  wllnot  township)  south  of 
Highway  7  Indicate*  that  It  rettt  directly  aa  the  bedrock  In  this  erne. 

Papotltt  of  aaad  with  aaaa  gravel  occur  within  the  overburden  wett  and 
northeast  of  taa  large  ftaonhelet  gravel  deposit.    The  hilly  araa  south  end 
aatt  of  ledaa  It  aenyeted  of  sand  la  which  the  stratification  generally  dipt 
to  tha  north.    Away  f  rot  the  ftaden  hit  It  the  deposit  occurs  under  tin  .     la 
plaeat  near  fetor  tear  g  It  taaaart  that  there  ara  two  tayert  of  tend  separated 
by  clay;    however,  It  la  oat  known  whether  the  two  are  different  deposits  er 
whether  they  ere  tha  sane  and  contain  lacustrine  clay. 

Tha  aaad  deposit  I  ened  lately  watt  of  Kitchener  and  fewtorlee  and  northeast 
of  tha  ftemheta  gravel  deposit  la  over  200  feet  thick  In  placet.    This  tend 
probably  wet  laid  down  at  the  sane  tlaa  at  the  sand  to  the  wett  in  the 
and  Petersburg  area* 
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Tan  onwtanrn  edge  of  •  trawl  deposit  in  the  treelae  area 
oriented  In  e  northwest*  southeast  direction  pore!  let  to  the 
southeast  side  of  the  todrocu  ridge.    II  extends  to  the  northeast 
•rwi  with  high  bedrock.    The  deposit  Mm  to  occur  between  fN  ami  Ml  rati 
above  CM  level  •    IU  distribution  suggest*  that  It  we*  deposited  a*  •  ken* 
terrace  with  tec  to  the  couth  OfMf  high  bedrock  to  Che  northeast. 

Thin  deposit*  of  tone"  one*  grovel  occur  within  the  overbidden  noer 
Centrevltlo  end  In  the  tower  port  of  the  overburden  In  places  week  end  south- 
woit  of  Kitchener. 

It  It  likely  thot  the  bedrock  doproctlonc  described  In  the  section  on 
bedrock  end  Illustrated  on  Hop  2  hove  boon  codified  by  the  gouging  action 
of  Ice  and  that  the  bedrock  ridge  that  extend*  fron  iresleu  to  Petersburg 
the  epproxlaeto  narthwestorn  limit  of  too  from  the  Lone  Ontario  basin.    The  thick 
deposit*  of  send  and  grovel  In  too  orae  tend  to  support  this  Idee. 


The  Sol  Inn,  Oust ph.  end  toons  srt  fomntlons  fora  an  ooulfer  cancel  e  of 
yielding  oaunoant  supplies  of  water;    however,  the  Sol  Inn  foraotlon  yields 
water  with  a  cbenlcat  ejeellty  that  Is  Inferior  for  Municipal  purposes  end 
for  thle  reason  It  wilt  not  be  considered  as  a  source  of  water  supply  for 
the  city.    Too  opproxtwate  location  of  the  eostem  Unit  of  the  Set  Inn 
foraotlon  Is  shown  on  Nop  2. 

lest  of  the  Saline  foraotlon  tan  tuatph  and  Lockport  foraetlons  constitute 
one  of  the  best  and  watt  extensive  bedrock  ooulfer*  In  Ontario.    It  Is  fron 
this  ooulfer  that  fait,  auelpb,  huapaler,  end  Preston,  obtain  (ergs  connate 
of  water.    Sana  walla  In  the  ooulfer  yield  were  then  1000  gen.  but  In 
locations  the  rock  It  net  ae  pervious  end  the  yield  of  wells  way  be  less 


KI 


ape.    The  yield  of  mm  of  tbeee  will  wlpfct  he  leproved  by  apply In*  acid 
^rtitun  10  enlerea  tha  open  I op*  In  the  roth  In  the  am  Itejttiattl* 


The  •ualph  ami  Lecbport  foraetloat  ere  preaent  throughout  tit*  tdtole  of 
the  nap  treat    aawtoer.  It  It  unlikely  that  tfc»y  want*  yield  froth  water 
eel  table  far  aonlcleel  ttaety  a  inapt  fa  area*  coat  of  th*  trend  tjver.    TMa 
wilt  I*  consldtrad  further  la  tha  taction*  on  "  watar  Quality  ••  and  »  Ground 
Voter  Flo*  ". 

Graph*  1  ami  2  atom  tha  watar  level*  In  tha  bedrock  eaulfer  In  the 
Shoanatiitr  and  Strange  wall  field*.    Tha  graphs  Illustrate  that  tha  watar 
lavat  In  tha  aquifer  varies  eccerdlne.  to  tha  anount  of  precipitation.    Thay 
ataa  *oeeest  that  tha  watar  level  has  declined  about  flva  feat  In  tha 
tlimaahji'  ami  Stranot  wall  field  ever  tha  period  froa  19*7  to  19*5.  tncluelve. 
Tha  decline  aweuat*  to  about  O.J  faat  oar  yaar  bat  la  particularly  aotlaaabla 
ta  tha  period  froa  IJ57  fa  ipt),  whoa  tha  aaoant  of  precipitation  wet  lata 

In  prevloua  year*.    Tha  raeevel  of  watar  froa  Industrie!  rack  walla  way 

contributed  be  tha  decline  hat  It  la  doubtful  If  tha  raeevel  of  watar 
froa  tha  f arbor  den  aaalfart  by  tha  Municipal  walla  hat  bona  a  direct 
Tha  continued  decline  of  tha  watar  tawal  In  lfS§  and  1*59  after  tha 
froa  tha  thaaaahar  walla  wat  damme*  tuojetts  tht*,  attheufh  thro  wot  ataa 
•  aatrtata  la  precipitation  coopered  ta  tha  twa  prececal na.  year*. 

toaamm  tmifm 

Tha  toad  ami  I ravel  dapotltt  are  tha  aajulfert  In  «w  overburden  whereaa  tha 
dapaattt  that  contain  eelnty  clay  or  all t  are  tha  aajulcludaa  or  conflnlnf  layeres 
however,  tha  clattlflcatloa  of  thete  dapotltt  Into  eaulfer*  and  aajulcludaa  la  » 
not  alaple  boa  aatt  there  can  be  a  coaptete  aradatlon  free  one  to  tha  other. 


f.  Kitchener 

For  purposes  of  simplicity  the  overburden  aquifers  ere  hero  divided  lata 
the  upper.  Middle,  end  lower  groups.  The  classification  If  eased  on  the  loc- 
ation of  the  eqelfcr  within  the  sequence  of  overburden  Materials  hut  does  ten 
ittarlly  imply  continuity  or  hydraulic  connection  within  e  group. 

mm  Mtit  §r  um 

The  upper  aquifer  group  It  equivalent  to  the  cost  recent  deposits  of 
•end  end  travel  which  Include  outweth  elong  the  flanks  of  the  trend  elver, 
fcaue  deposit*  In  the  ireetau-ttoon  area,  end  tha  thin  deposit  of  tend  or 
sand  and  gravel  that  occurs  throughout  the  hull t  up  sections  of  Kitchener. 
Although  these  sand  and  aravel  deposits  ere  over  100  fnet  thick  In  pieces, 
the  saturated  thickness  It  usually  only  a  few  feet  if  water  Is  preseat  at 
all.    Most  daaettlc  drilled)  wells,  except  these  In  the  Centrevllle  mrmt0 
mm  drilled  through  tha  upper  aquifer  Into  the  lower  aquifers,    because 
of  this  It  It  unlikely  that  tare*  quantities  of  water  could  ae  pueped  fraa 
tha  upper  aquifer  by  Meant  of  conventional  screened  wells. 

Although  there  era  ex  tensive  deposits  of  send  end  gravel  edj  scent  to 
the  Grand  River,  particularly  In  tha  area  south  of  tretleu,  evaliobie 
iafoneetlon  seoetita  that  tha  sand  and  travel  does  not  conttue    under  the 
riven    therefore,  It  la  unlikely  thet  e  supply  of  filtered  river  water 
could  he  attained  hy  aeons  of  an  Infiltration  gallery  constructed  In 
the  upper  aquifer  treat. 

ttlMi  fm\Hr  ami 

The  middle  equtfer  group  contains  the  aaln  equlfers  In  the  erne. 
It  differs  from  the  upper  aquifer  group  because  It  was  deposited  prior 
to  tha  last  edvences  of  tee  and  for  the  aett  part  It  covered  by  tilt  end 
In  placet  by  tha  upper  aquifer  group.    Wherever  two  burled  aquifers  occur 
the  upper  ana  It  here  considered  part  of  the  Middle  equlfer  group  but  It 


HI 


It  difficult  to  differentiate  between  the  two  group*  when  only  m  it 
pretaat  because  both  art  eenerelly  buried  *nd  In  piece*  either  o»y  rett 
directly  on  tho  bedrock. 

TIM  RlMU  aquifer  group  Includa*  mt  of  tha  lore*  daaealta  of  aaed 
and  grovel  described  In  the  pfoooodlag  toctlon  on  cho  geology  of  the  Mtr» 
burden.    Thorn  ere  two  typea  of  equifars  In  the  group,  those  conpuead  eelnly 
of  tend  end  gravel  o»4  thoee  toopttoi  of  tend.    Too  tend  ond  gravel  eouifera 
Include  tho  tor^o  deposit  between  Saint  Agatha  and  tho  Hennhele>  eree,  end 
depoaltt  In  tho  ShooMfcor  avenue,  Strong*  Street,  Parkway,  ono"  Irtdgeport- 
•resleu  erect.     Henceforth,   In  thlt  roport  thoto  will   b«  roforrod  to  o»  tho 
ftonnholat,   Stoeueker,  Strange,  Parkway,  ono*  trealeu  aquifer*.    Tho  eeulfere 
that  oro  coepeted  mainly  of  tend  Include  dapoeltt  In  tho  Petersburg  laden 
eree  end  In  on  oroo  lenedletely  watt  of  Kitchener  ond  woterloo  In  tho 
vicinity  of  Ire  Stroot  end  Highway  7.    Thoto  eeulfort  wilt  ho  roforrod  to 
ot  tho  Petoreberg  and  Irh  Stroot  eeulfers.    Tho  location*  of  tht  eeulfere 
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Tho  Monnholo  eeulfer  con  ho  outlined  folrly  eocuretely  from  well 
and  tott  hole  date  except  to  oroot  to  tho  cost  where  I t  connot  he  ett* 
obit  abed  cloorly  by  ooont  of  well  loft  whether  tht  aquifer  contlnuet 
•t  the  Shnanafcer,  Strong*,  ond  pottlhly  the  Parkway  aquifers.     The 
dtpotU  It  thlchott  In  the  upland  oroo  leeedletety  eott  of  hoonhelt) 
where  ot  loott  200  foot  of  tend  Ond  grovel  ore  present;     however,  the 
saturated  thloknast  Ot  Chit  location  la  probably  only  about  50  or 
60  foot.    Condition*  In  to  oojutfer  very  tram  ortealon  to  water  table. 
It  It  under  water  table  condition*  where  It  outcropa  ond  In  thick 
sect  I  one  adjacent  to  outcrop*.    In  the  east  half  of  Lot  l**e,  OCT, 
tho  equlfer  can  be  teen  In  a  grovel  pit  It  probably  it  dry. 
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for  the  east  pert,  the  nquffer  rent  on  clay  hut  near  the  lehsreaalltn 

of  Highway  7  and  the  Vaterloo-vllaot  township  Hue  It  rests  on  rath.    TWe 
It  indicated  by  the  log  of  Veil  $9*1   la  tot  2,  SHI,  Wlltwt  township.     It 
Is  possible  thst,  et  thU  location,  the  aquifer  Is  coapesite  end  rests 
directly  on  e  lower  aquifer. 

Internet lon«!  Miter  Supply,  Uvtted,  have  carried  out  •  nunber  of 
pimping  tests  In  the  aquifer.    Their  analyses  of  the  test*  Indicate  that 
the  coefficient  of  traneulsstbtllty  Is  as  Me*  as  565,000  gpe  per  foot 
locally  hut  generally  varies  between  20.000  ens  70,000  *>d  per  foot. 

Kitchener  end  Waterloo  pwep  water  fro*  this  aquifer  by  neans  of 
testis  near  Maanhelm  an4  taint  Agethe,  respectively,  end  both  cities 
establishes  Positional  wall  sites  between  their  well  f tolas. 


Aquifer 

the  ShuaooliT  aquifer  Is  eaaaaacd  of  sand  and  gravel .     It  Is 
ally  between  )0  and  70  feat  thick  and  Is  confined  beneath  sllty  clay. 
Locally  the  aquifer  It  owposs*  etatnly  of  s  and  with  thin  bands  of  fraval . 
The  first  welts  drilled  In  this  area  used  to  flow  but  the  static  levels 
ere  pew  below  crowns  level  •    trash  I  is  a  record  of  the  static  levels    la 
the  thocanher  wells.    It  la  saasreM  from  the  graph  that  the  static  level 
has  declined  bet  It  Is  difficult  to  specify  the  rote  of  decline  has suae 
of  the  fluctuations  which  appear  to  be  related  to  precipitation.    It  nay 
ha  about  1.5  feat  fmr  year  If  the  last  readings  for  Wells  3.  S,  and  4  era 
low  red.    The  reason  far  the  abas  really  low  water  levels  In  wells  5,  S, 
end  e  Is  net  known. 

It  la  likely  that  this  aquifer  It  connected  hydraullcatly  to  the 

ile  aquifer,  which  probably  la  the  recharge 
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ttronoa  Aoot  f«r 

Th*  Strang  aquifer  IneotoH  In  tha  nortawoatara  taction  of  «| 
la  co*ro»»d  of  nM  and  orcval  aorf  it  ondar  arte* I on  conditions.    It 
probably  I •  eoniwwted  hydrotiUtotly  to  tha  Monnhnlm,  Tf  niintin .  ond  trb 
toad  noolfort  ond  tj«  Waterloo  ooolfor  to  tHo  north  from  which  too  Waterloo 
walls  obtain  w»tor.    Thoro  If  Insufficient  data  to  construct  a  graph  of 
tha  atetlc  t*v*ta  tn  tha  Strong*  wat  U  but  oMuirmontt  fruffeote  that 
tba  «totl«  looal   ft  dosUalng  ot  o  rot*  of  )••«  toon  me  foot  aar  yon*. 

Parkway  Atulfcr 

Tha  Parkway  atotfar  It  campotad  of  sand  and  gravol  with  a  oonloun 
known  thlckostf  of  3a  foot.    Tha  aoulfer  It  under  artesian  conditions, 
ft  ooy  ao  connected  hydrauHcatly  with  tha  ihoonaker  and  Mannhela  aqul- 
fart  to  tha  watt  and  It  likely  outcrops  alant  tha  hank  of  tha  grand  ftfvor 
ooar  tha  oaw  Highway  i  bridge,    lorlngs  dona  hy  f  M.  Pate  Aeeocletes  Halted 
at  thla  location  for  tha  fooartnont  of  Hlgrweyt  Intorioetod  about  IS  foot 
of  eaod  and  gravel  hotow  tha  rloer.    Tha  dapoalt  (a  banaath  till  In  placet 
indlcatlnp  that  It  belongs  to  tha  alddta  or  lowar  aquifer  group.    It  la 
ootftblo  thai  tha  aautfer  hat  a  thlckneti  of  aoro  than  1$  foot  ondar  tha 
river  nearby  hot  additional  teat log  would  bo  fteceaaary  to  prove  this. 
If  »  or  U  foot  of  tha  eeolfer  la  present  under  tha  river  It  ooy  bo 
possible  to  tenetrect  an  Infiltration  ayttoa  In  thla  oroa.    ttraoh  k  la  • 
plot  of  tha  wator  level  to  thla  ooolfor  aeeeured  In  wall  $5-1  In  Kl 

■ 

irealee  Aquifer 

Tho  iroaloo  aquifer  ceoalete  of  o  water-bearing  aand  and  gravel 
deposit  batwaan  •rldoaaort  and  tha  area  aoat  and  tooth  of  ireetee. 
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It  It  generally  under  artesian  conditions  but  It  outcrops  in  ph 
along  the  banks  of  the  «rand  Rlvtr  west  of  the  Well  I  niton  »t  tori  oo 
Airport,    twtf  tte  at rear  t  woM»  i>d  —Hi  at  Nipi  ill  fmm  m* 
a  subdivision  near  Ireslaw  obtain  MUr  fr%m  this  eeuifer.     It  aay 
be  possible  to  obtain  f  II  tor**  rlvor  Motor  by  eaent  of  shallow  wellt 
or  en  Infiltration  tyttea  where  tali  eeuifer  petto*  under  tao  rlvor 
bat  tost  drill  lea  would  bo  necet*ery  to  detentlne  If  tat  aaulfor  oat 
thick  eaeenjl  for  tuck  an  installation. 

Petersburg  ana*  Irb  Street  nejulfert 

The  Petersburg  m4  Irb  Street  e*ulfer&  oro  tompotod  oalnly  of 
•ami  with  tilt  In  plocot.    loth  eeulfert  oro  under  weter-table  con- 
dltlont  throughout  east  of  thtlr  ontont.    Tho  eeulfert  or*  topped  by 
donattle  wells  but  It  It  unlikely  that  wells  coupereble  In  cepeclty 
with  tht  Haanhala  wait*  could  bo  constructed  In  thoa. 

kaac  %iiftr  fw»i 

Tat  lower  eeulfert  oro  luaaattl  of  sand  or  sand  and  grovel  end 
have  a  anxious  thickness  of  40  fast.    The  east  continuous  aaahef 
occurs  beneath  till  under  and  wast  of  the  rtennhelm  aquifer  In  tae 
area  south  of  kaenhslo  aad  Petersburg  and  It  any  for*  the  besel 
section  of  the  Heenhola  aaulfor  In  the  vicinity  of  Highway  7.    There 
no  aaalalgaj  wells  la  It  la  these  ereei,  therefore.  It  Is  e  potontlnt 
eourca  far  additional  ground  water >    The  aaulfor  towns  to  occur  within 
about  S0  faat  of  aa  elevetlon  of  990  feet  above  see  level .     It  It  potf 
Into  that  the  Parkway  and  •retleu  aaulfor*  belong  to  this  crow*. 
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TIM  chonlcaf  ana1y«o»  of  tanplot  of  wittr  whan  fron  wlliin  lltted 
In  Tanla  1. 

In  gmral,  tha  Miter  It  htrd  and  In  ptacat  hat  n  high  Iron  content  nut 
othorMlto  It  It  satisfactory  for  Municipal  uta.    Exceptions  Include  thota 
sanplus  taken  from  roc*  wtllt  watt  of  tha  frond  River  end  fron  ouerkerden 
MtMt  nnnr  tht  Grand  Rtuer  at  irldotport  and  In  tht  Doon  trot. 

The  herdntts  In  tht  overburden  tool furs  generally  It  within  the  rang* 
of  ISO  to  $00  ppa.    When  averaged  for  otch  aquifer  tht  analyses  indicate 
that  tho  tof  tott  Motor  In  tht  overburden  aquifer*  occur t  In  tht  Petersburg, 
Honoholo,  end  EtrhMty  equlfert  Mharont  tht  htrdt»t  noter  occur t  In  tnu 
wt tor loo,  strongt,  end  Sheenaher  aquifer*.    These  results  exclude  tht 
toetlont  of  tht  overburden  aquifers  adjacent  to  tht  Grand  River  at  Bridgeport 
nnd  nonr  toon  Mhtm  oxtrottaly  hard  Mttor  occurs.    Tho  ronton  for  thn  occur 
of  hard  Mtttr  In  thn  overburden  noolfort  nt  thtto  location*  It  explained  In 
thn  folding  taction  an  •*  trail  Mtttr  flow  ". 

Thn  herdnest  In  tht  roch  aquifers  aatt  of  tht  Grand  River  averegtt 
about  350  eon  and  at  tuch  It  coapereble  Mlth  Mntar  fron  tha  Strange  and 
ihoeaeker  aqulfart.    bast  of  tha  Qrand  River.  Mtttr  fron  tha  bedrock  It 
extremely  hard  and  locally  taint  it  1700  pan  herdnttt.    Tha  htrdnatt  pro- 
bebly  It  caused  ay  tha  autocrine  dapotttt  la  thn  saline  tarnation. 

tilth  tha  in  caption  of  tha  Petersburg,  henohelm,  and  Sheeaaher  anal  fart 
all  tht  aquifers  la  tha  nap  •rat  contain  Mttor  Mlth  an  Iron  cantant  In 
tncatt  of  tha  racaaaandad  oaxlaue  of  O.J  pan.    Tht  Iron  content  It  highest 
In  rath  aqulfart,  hath  aatt  had  aatt  ef  tht  Grand  alvar.    Atone  tho  over* 
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overburden  aquifers  water  In  the  lower  aquifer,  below  end  to  the  west  of  toe 
hennhelm  aquifer,  contains  the  most  Iron. 


Preclpl cation  la  the  source  of  ground-weter  recharge.    The  portion  that 
reaches  the  tone  of  saturation  flowa  through  the  around  usually  fro*  upland 
areas  and  discharass  Into  stream,  rivers,  end  lakes  ana  much  eventually 
returns  to  the  ocean.     In  certain  erees  the  process  Is  reverse*  locally 
•nd  Influent  seepage  tohaa  place  from  streams,    Ideally,  e  drainage  basin 
may  be  divided  Into  areas  or  centres  of  recharge,  erees  of  ground-water 
transmission,  and  areas  of  discharge;     however,  recharge  nay  still   teke 
place  la  the  area  of  ground-water  transmission  mn4  the  flow  pattern  may  be 
coeptlceted  by  local   Irregularities.    Ground-water  flow  In  a  large  drelnege 
basin  can  be  subdivided  to  conform  largely  with  major  rivers  and  their 
various  tributaries.     Thus,  a  large  river  way  receive  ground-water  dlscherge 
©r  base  flow  from  •  large  area  but  Ita  tributaries  normally  receive  base  flow 
free)  smaller  areas,    la  the  case  of  base  flow  to  a  river  the  water  may  have 
entered  the  ground  many  ait  tea  away  and  posted  through  deeper  aquifers. 

in  the  Kitchener  area,  the  floors  of  the  trend  and  Speed  liver  valleys 
are  the  main  ground-water  dlscherge  tones  and  the  rivers  receive  ground  water 
from  the  reck  aquifers  In  addition  to  that  from  the  local  overburden  aquifers. 
The  recharge  centres  west  of  the  Brand  River  ere  the  hlghlend  erees  south 
and  waat  of  the  city.  In  particular,  the  highland  erne  east  of  Mannheim 
between  Kitchener  and  Saint  Agathe.    last  of  the  trend  Kiver,  the  recherge 
centre  la  probably  In  the  en tremm  northeast  section  of  the  map  area. 

The  regional  flow  of  ground  water  Is  towards  the  trend  end  Speed  Rivers 

s 

but  the  direction  may  be  modified  locally  as  In  the  area  between  Petersburg 
and  Kennhoim  where  the  ground  water  tows  towards  the  southwest  to  dl  scherge 
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into  Aldar  Croak.    Tha  *******  aqutfur  outeroat  noar  tha  croak  In  tola 
which  It  taaaa  an  th«  national  Taaagrtahla  oao  a*  •  mK>  ar»a, 

with  a  fiaawlilga  of  tha  gww»KHf  flaw  It  it  aoatlala  to 
toaa  of  tha  variation*  In  tilt  quality  of  wafer.    Thus,  tha  taftatt 
occur*  In  rwtharg*  ara«t(  avch  at  tha  ratarthurg  **  hannhnlo  aquifer*,  ana* 
tha  hardaatt  Incraatat  aatt  of  tha  Mannhala  aajvlfar  at  watar  aawaa  la  thl* 
direction  through  wore  overburden  aatarlal  until  la  tha  Shoeaaker,  ttreega, 
ana  Waterloo  aajulfart  tha  hardnett  It  at  taatt  too  pa*  oora  than  at  Rewnhalat. 
Tha  heron***  of  water  In  tha  Parkway  aquifer  It  tlallar  to  that  at  ftennheln 
which  *ugg**t*  that  tha  rorkway  aquifer  aoy  not  ha  connected  to  tha  Shoaaahar 
aquifer. 

latt  of  tha  trend  Mver,  wcter  la  tha  rock  hat  a  hardnett  coneareete  to 
tha  ova rhy roan.    It  It  likely  that  aoet  of  thlt  taitar  hat  flowed  westward 
through  tha  •oalah  ana*  loc  heart  fentetlent  whereas  on  thn  watt  aid*  of  tha 
river  watar  f  row  tha  rook  hat  ******  eeatwerd  through  tha  fel Ine  fonnatloa 
one1  It  OKtronoly  hard. 

fha  distribution  of  Iron  It  ttwl I ar  to  herdna**  In  that  watar  with  tha 
taatt  Iron  It  la  tha  recharge  araat  and  watar  containing  tha  aoat  Iron  It  ere- 
tant  In  tha  rock  equlfert. 

Ituth  af  tha  ground  watar  that  It  dltchargad  Into  tha  Grand  and  lowed 
River*  hat  flaaad  a  long  way*  daan  la  tha  ground,  and  hat  dissolved  aora  of 
tha  aquifer  aiatarlatt.    Thlt  arohabiy  expleln*  tha  aMtraaaly  hard,  and  In 
piece*  tutohuroa%  watar  that  occur*  ovaa  la  overburden  aajulfart  adjaeaat  to 
thata  river*.    Tha  watar  yielded  ay  tha  old  Irtdgaport  welt*,  overburden 
walla  la  tha  toon  area,  aad  fratton't  WOtl  %  (wall  50-1  In  Preston)  It  an 

tie  of  tMt. 
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The  im  west  of  the  Orend  tlver  eppears  to  be  favourable  for 
«at«r  recharge,    travel  end  iW  deposits  ere  abundant  aM  la  eeny  pl< 
appear  as  lollors  surrounded  by  clay  till  .     In  such  places  where  the  gravel 
Is  at  a  lower  •tevetlon  then  the  till,  runoff  from  the  till  areas  would  to 
directed  toward  the  gravel  irwt  which  would  permit  tha  Infiltration  ef 
water  nor*  recdfly. 

The  amount  of  ground-weter  rocher?*  |«  aubjoct  to  to  weny  verlebloi 
that  It  Is  difficult  to  calculate  accurately.     It  we*  found  that  there  were 
Insufficient  data  avat labia  In  tha  kitchener  araa  to  daterwlne  the  eeount  of 
recharge  accurately i    bawever.  It  la  possible  to  oak*  an  epproAieete  aitlaata. 

•reek  5  represents  the  dally  flows  In  cubic  fact  oar  second  In  laurel 
Creak  IS  fact  downstream  froa  the  Usher  f treat  brldgo  In  Waterloo.    At  tM» 
point  the  flow  represents  drainage  fraa  an  area  of  23  eeuere  Mile*,    laurel 
Creak  wee  used  for  study  beeauae  It  la  the  only  creek  In  the  area  for  which 
data  mrm  available.    The  ante  were  supplied  by  the  Peperteant  of  Northern 
Affaire  and  Met tenet  Maoorcos. 

It  waa  assumed  that  the  taw  flows  aa  the  graph  represent  base  flow  ajwJ 
that  the  araa  below  a  Ilea  c  ornns  U  log  tha  low  flows  would  represent  the 
base  flow  ejuantltatlvely.    The  lowest  base  flows  occur  during  tha  swaeer 
aonths  probably  because  part  of  the  ground  water  that  would  have  discharged 
Into  the  creek  la  lost  as  evapo- transpiration .    The  broken  line  shown  on  the 
graph  for  tha  suaaar  period  was  designed  to  represent  what  the  base  flow  would 
have  bean  If  noaeef  tha  snowed  water  bad  been  last  to  evepe-transpl  ration. 
Tha  base  flow,  runoff,  and  the  difference  between  precipitation  and  flow,  which 
probably  represents  avapo-transpl ration  epproxlwatety,  ware  calculated  fi 
thla  free*  far  the  years  J  5*0  and  tfjet  when  the  data  were  west  caeplete. 
Thar  *re  listed  la  the  foil  owing  table  together  with  the  precipitation: 
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nroolpltotton 

Inchot  35.0  30.* 


l?JH 

It  A 

9.2 

(.6 

O.mO 

0.29 

Million  gpd/»q.al.  I  •*  ' -2 

H^n  oolU  Flow  In  UMftl  CrgQJS 

cf*. 

Million  god 
Million  gpd/tq.  al . 

Pacini  tttlonMlnut  Ties* 

Million  gpnVoo.al.  »<•  _J*J 

Percont  of  proclpltotloa  72.0  76.0 

f»»n  £lM 

Not  otto  flow,    Wll  lion  ttn/tn-  ■! .  »!**  JJP 

Gro»t  Onto  Mom.    Million  f»oV m*  all  °-°8  °-°* 

(Mot  fcnto  flow  olut  srottoo^watnr 

faoltovod  lost  to  ovopo-troatpl  ration) 
fercont  of  Proclpltotlon  Olot  alto  flow)  0.5  *.0 

- 

Million  gpd/tq.  "» •  04)  ft,M 

(Flow  alnvt  not  onto  flow)  - 

Porcontof*  of  precipitation  23 •>  »o.o 
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TIM  precipitation  alnut  flow  probably  It  epprexleataty  eewlveteat  to 
evapo-trenspi ration  bet  It  otto  Includes  tho  aaount  of  water  New mi  by  wafle 
and  the  water  that  potMt  out  of  tho  oroo  through  aquifers. 

Tho  everegs  precipitation  ot  Kitchener  over  o  2J-*eer  period  wot  Jl.tf 
Inches.    Thlt  It  only  0.79  Inches  hlghor  than  tho  precipitation  for  1961 1 
thoroforo,  tht  figures  calculated  for  1961  oro  used  to  roprotont  average 
conditions.    If  Louro!  Crook  It  o  •balenccd"  drainage  basin  In  which  tho 
orott  annual  boso  flow  It  equivalent  to  tho  onnool   recharge,  tho  roohorpt 
In  tho  oroo  would  bo  80,000  god.  por  square  alio  or  7.0  poreont  of  tho 
proclpltotlon.    Thlt  It  coop  treble  with  tht  rochorps  roto  of  02,500  gpd  por 
square  alio  celeuleted  for  Ouptat  County,  Illinois,  which  It  o  tlallor  oroo. 
Tat  finding*  of  thot  survey  ore  pobllthod  os  "Cooperative  uromwJ-vator  Report 
1  »  of  tht  ftoto  water  and  State  teal  Of  teal  Survey  s  of  Illinois. 

Tat  average  dally  withdrawal  of  ground  water  for  use  In  Kitchener  and 
Waterloo  In  1*2  was  epproKlaetely  IB  all  I  Ion  gad*    Thlt  Is  equivalent  to 
•verses  dally  puatogaa  of  7.7$  and  2.1$  alii  Ion  pal  Ion*  for  Kitchener  and  Waterloo, 
respectively,  and  en  allowance  ef  2.1  alii  Ion  ppd  for  Induttrlol  use.     If  the 
recherga  rata  la  the  ana  aaountad  to  10,000  pad  per  square  alio  as  Indicated 
by  tho  ttraaa  flaw  data  far  Laurel  Creek,  recharge  froa  ISO  severe  allot  of 
land  would  be  required  to  sustain  tat  eatlaaaad  t|o2  puspape  of  12  oil  lion 
gpd.    Tat  otology  and  the  distribution  of  ttraaat  In  the  eraa  suggests  that 
the  recharge  area  la  appreniastety  $0  square  alias,  watch  Is  only  33  percent 
of  the  area  calculated  free  tat  ttraaa  flaw  data.    The  withdrawal  It  equivalent 
to  a  recharge  rata  of  0.2*  allllaa  gpd  par  square  alia  or  If  percent  of  the 
precipitation  If  tat  aquifers  are  net  being  alnad.    The  est  netted  rechorgo 
area  of  50  eauare  allot  la  atsaaad  to  the  north  by  Laurel  Crook  and  Ita 
tributary  at  Crhavflte,  to  the  watt  by  the  wettom  boundary  of  the  Mannhela 
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«*iif«r,  t«  the  o»uth  by  a  lit*  dfOun  fro*  o  point  about  1  olio  toutb  of 
Mil  $M   In  Ui  I,  MS.  Oiloot  towntblp  (Mtchtntr'iUtll   A)   to  tbt 
Mvr  tost  of  Strosfcurf,  ftflbf  to  tho  oott  by  •  1 1  At  Joint**  trldooport  ond 
tho  frond  ilvor  about  bOOO  Ntt  oouthoott  of  tho  fttrkwty  wollt. 

Thoro  nay  bo  toworol  rattans  why  tbtra  It  o  Strut  dJtcroponty  bttwotu 
tho  rochnrot  roto  col  cult tod  ffroo  too  strata  flow  dots  ond  thot  tolculotod 
by  twtnoot  froo  tbt  tst looted  ntehorot  oroi.    Thtso  oro  listed  bttowt 
I  •      Tho  rochorot  oroo  any  bo  oroottr  thtn  50  tqutm  allot. 
1.      Too  rochoroo  coloulotod  froo  tbt  Lourot  Crook  otto  ooy  b* 
Inotrroet  lo  toot  oora  of  too  nrocloltotlon  any  onter  too 
ooulftrs  and  flow  out  of  too  drolnoot  botfn  or  towards  blob 
oopotlty  wtitt  in  Waterloo. 
I.      Too  raehofot  root  calculated  froo  tbt  Laura!  Crook  otto  ooy 

not  bo  rosea  tan  tottwt  of  too  who  I  a  ooo  oroo. 
b.     Although  too  water  tooott  to  tbt  oojolfort  oro  towtrod  by 
ouoooot  tboy  ooy  racovor  oooplottly  lo  tbt  sarins  of  too 
yoor,  thorahy  raoactna,  too  ooooot  of  boot  flow  to  tbt  crookt 
throughout  to**  of  tbt  yoor  Ooo  trow  tiny  aONlaun  rocbtr9t. 
S.      Tho  OQulfors  oro  bolof  olnad. 

Of  too  floo  raotona  listed  abovo  It  It  doubtful  If  tho  flrtt  It  vory 
tloolf leont.    It  It  aottlblo  Holt  tbt  rt  thorns  oroo  ootid  bt  onlorotd 
by  o  fow  osoaro  allot  bat  tblt  wobtd  oot  rodoto  tbt  discrepancy  bttwoto 
tbt  two  calculated  rtnhtroi  rotot  by  ausb. 

Too  ttoonhola  oojulfor  outcrops  lo  too  Aldor  Crook  botlo  ond  ooy  ollow 
ooro  rotbtrot  bt  ootor  too  Ofowod  toon  tbt  deposits  to  tbt  toorot  Crook 
botlo.    lo  oddttton*  too  wotor  to  too  trb  street  eeulfer,  whlcb  new  f loot 
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towards  the  Waterloo  ana*  Strange  Street  watte,  probably  dlstberBSS1  tat* 
iMnl  Creak  at  one  tin. 

A  wmlmm  aaount  of  ground  water  eould  b*  obtained  fran  en  eqotf*r 
toy  lowering  the  wiUr  level  and  reducing  tha  hose  flow,    This  MtwUaik* 
•in  roan  In  the  aquifer  for  recharge  but  the  amount  of  water  available 
en  *  p«r«mUI  bests  would  depend  on  the  recharge  rate.    Tl»  dtcl  In*  of 
the  water  level   In  the  fchoeoaher  aquifer.   Illustrated  In  Groon  1,  suggests 
that  the  ret*  of  ground-water  ox  tract  tan  way  e:?c«*d  the  averege  rocker?* 
rat*  end  that  tha  aquifer  fi  possibly  betne  rained  slowly. 

mm  waumsut,  mm  wm  m&m 

In  the  proceeding  taction  It  wit  suggested  that  the  overburden  aquifers 
that  have  been  t apnea'  by  tha  eat*  awnleleal  *•"»  In  the  Kitchener-Waterloo 
area  ara  possibly  being  •In**'  by  tha  withdrawal  of  eporoMlwately  12  will  lea 
god.    Tha  decline  of  water  level •  In  tha  Strange  ana  thoaaaher  eqwifers 
suggests  that  tha  withdrawal  la  la  encess  of  the  recharge  rate.    Vary  little 
it  known  aboet  tha  water  level t  In  tha  Nannhala  aquifer  becaata  *ost  of  tha 
wet  It  and  gauge  hoteg  art  along  tha  f  tanks  of  tha  aquifer  where  the  water 
level  retains  relatively  constant.     It  It  likely  that  the  hannhelw  aquifer 
Is  connected  hydraulleatty  to  tha  aquifers  to  the  east  and  that  It  Is  being 
used  to  capacity}    however,  record*  of  water  levels  In  wells  located  In  tha 
upland  areas  where  tha  aquifer  la  under  water-table  conditions  should  provide 
wore  (nfoneatloe  about  this.     It  slight  be  possible  to  Increase  the  anoant  of 
water  available  In  these  aquifers  by  constructing  dens  la  the  dlscherge  tones 
of  Alder  and  Lev re I  Creeks  bat  a  cost-benefit  study  would  be  necessary  to 
show  If  such  a  project  would  be  worthwhile. 

Unless  It  la  shawa  by  subsequent  observation  that  aore  water  can  be 
puaped  perennially  from  tha  areeent  welt  fields  It  will  be  necessary  to 
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-Kti*  future  gfcwwhwtr  supples  t»t  other  aquifer*.    Tit*  Petersburg  aquifer 
to  the  Meat  of  Hamhelts  Is  proposed  netnly  of  sand  end,  because  of  this.  It 
It  unlikely  thet  Individual  mMi  with  uimltUk  similar  to  the  present 
Mannholw  Mllf  cou'd  be  constructed;     itjucvar,   th*  quality  of  the  water  III 
this  aquifer  Is  probably  the  best  In  the  Kitchener-Waterloo  are*. 

An  aquifer  la  the  lower  part  of  the  overburden,  described  In  the  cheater 
1  Aquifer  a    under  the  headlna    Lower  Aquifer  Group' -,  occur*  below  end  to  the 
west  of  the  Kennhelw  aqylfer  south  of  ftennhelm  and  Petersburg.     It  he«  not 
yet  been  explored  to  deterwlne  It*  potential  at  e  source  of  *unt cleat  water 
supply.    The  hardness  of  the  water  In  this  aquifer  I*  comparable  to  the 
water  peeped  fron  the  Sboeeeker  and  strange  aquifers  but  It  appears  to  have 
•  higher  Iron  content. 

It  should  be  possible  to  obtain  «or*  water  fron  the  tresleu  equlfer  to 
the  east  of  Kitchener.    The  city's  walla  W  and  k2  (walls  37-7  and  ej*i  la 
Kitchener  )  •¥•  constructed  la  tali  aquifer  but  the  aquifer  extends  eastward 
across  the  trend  elver  as  shown  on  Hap  1.    The  quality  of  water  froe  this 
aquifer  Is  satisfactory  far  nunlctpet  purposes  but  In  places  It  has  a  hi  ah 
I  pan  content* 

The  rook  aquifer  la  the  area  east  of  the  trend  ftlvcr  Is  a  potential 
source  of  water  supply j    however,  chewlcef  analyses  show  thet  water  from 
It  contains  Iran  in  oncost  of  1.0  poo.    This  would  require  treatnwnt  If  It 
were  used  as  a  source  of  supply  far  the  city. 

If  watt  a  were  te  be  constructed  la  the  tresleu  aquifer  or  the  rock 
east  of  taa  trend  KJver  It  would  be  preferable  to  locate  then  away  f run  the 
river  because  the  river  la  a  aajor  discharoj  tone  and  the  ground  water  cloae 
to  It  nay  be  e*trenely  herd  and  sulphurous.    The  old  trldeaport  wells, 
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rYotte«*t  Mill  |  (Mil  50*1   In  •rotten)  and  certain  nvitbordte  Milt  In  tto 
•dor  orM  OfO  OXMp'vf  of  tills. 

In  placet  wtere  tto  olddlo  of  ta*or  eovlfart  occur  yndar  tto  trend 
tlver  It  noy  be  pOftftfbta  to  construct  lull tr«t Ion  tyUeof .     It  wool d  to 
Mimry  to  test  or  1 11  to  dotemfM  If  this  mm  Mttlblo  bet  tto  om!  labia 
Information  mjnII  ttot  oreet  adjacent  to  tto  rlvor  ol  tto  fotlowlof 

tOCOtlOAt  MCMlU  M  Mtt  fOVOttrMIO. 

I.        Oomm  COOOMW  Tract,  Lot  117.  III.  ond  110. 
a.       tootloy't  iroton  Front,  Lot  It. 

1.  KltftMMf  ffM  tM  MM  MlgbMy  •  bfloM  to  M  Mil  ObOtft 

4000  fMt  dOMttMM. 

TM  quality  of  tM  Mter  In  tM  Grand  Rlvor  mold  M  on  iMorttnt 
fottor  If  on  litflltrotlon  tysteo  mm  to  bo  used  to  obtain  o  water  senoiy . 
Tto  sand  baton  tM  rlMf  would  f  II  tor  tM  tolldt  #nd  rooovo  tM  100  touted 
by  tM  Mil  do  but  It  Mold  to  a rofa rouble  to  locate  •  gallary  or  collector 
wtora  tho  800  It  least.        Of  tto  location*  Mtcrlbod  mom.  tto  om  doen- 
ttroM  fro*  tto  MM  Hlftooy  t  brldft  would  to  Mtt  favourable  eocouse  ft  It 
MttroM  from  tto  wtMl  of  tM  Kitchener  imm  trottoont  plant  and  mm 
tton  oIm  allot  doMttroM  frao  tto  outfall  of  tto  Waterloo  mmqi  trotMMt 
olMt.        lo  addition*  It  It  pottlblo  ttot  ommIs  ttot  ontor  tto  rlvor  via 
Conogaf  lout  Crook  would  novo  iM|o rated  toforo  tto  water  raactod  tto  Mlt 
•  brtdaa, 

oanBaL 


At  tto  present  ttot  KttatoMf  tad  Waterloo  obtain  Mtar  f  ram 
•owl for*  by  aoMt  of  Milt  vltnlo  flvo  allot  of  tto  city  Mntrot.      In  Ifta 
tto  OterooB  wltbdroMl  fMt  ttoM  ooplfort  OMMted  to  aaaronlMtely  It 
all  I  tot  and. 
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Although  the  *qu?fers  from  wMch  the  wilt  obtain  water 
tiered  end  named  s&rsratetv.   It  ft  likely  that  they  ere  all  coeeatted 
hydraullcelly  with  the  exception  of  the  iretlau  aquifer  and  perhaps  the 
Farkwey  aquifer,     it  »win  that  cwst  of  the  water  In  the  aquifer  »  flows 
towardt  the  %r*n4  II ver,  which  It  the  wain  ground-water  discharge  tone. 

It  has  bean  estimated  that  tha  recharge  for  the  overburden  aquifer* 
that  supply  Kitchener  end  Waterloo  comet  frost  about  SO  square  atlas  of 
land  and  that  most  recherne  cones  froa  the  eree  cf  the  hofwhelo  *n4  trh 
Street  aquifers.     It  has  been  calculated,  by  using  Laurel  Creek  flow  deta. 
that  bate  flow,  which  Is  probably  Indicative  of  the  minimum  •jround-weter 
recharge  rata  In  the  area  amount*  to  80.000  gpd  p%r  square  alia.     This  Is 
comparable  to  recharge  rates  calculated  for  a  similar  area  In  Illinois. 
Tha  withdrawal  of  ground  water  la  tha  Kitchener-Waterloo  area  exceeds  this 
rata  If  It  is  assumed  that  the  recharge  area  Is  50  square  allot,    it  stay 
be  that  the  calculated  recharge  rata  Is  too  low  mn4  that  an  allowance 
should  be  stade  far  reduction  In  base  flew  at  a  retult  of  ground-water  with- 
drawals In  tha  area.    Tha  ootstbt titles  exist  also  that  rechargo  conditions 
are  hi  flier  In  the  area  lewwdletaly  south  of  the  Laurel  Creak  basin  and  that 
Hie  lowered  water  level s  la  the  vicinity  of  the  Shosaamer  Avenue  and  Strange 
Street  walls  Indicate  a  mining  of  that  aquifer. 

It  night  be  possible  to  Increase  the  amount  of  water  evel labia  within  tha 
area  of  the  present  wall  fields  by  constructing  dans  euro**  Alcer  Creek  at 
Hannhaln  and  the  upper  reaches  of  tributaries  of  Laurel  Creek,  but  a  cott- 
benefit  study  weald  be  necessary  before  such  a  project  were  carried  out. 

The  amount  of  ground  water  that  should  be  available  is  equivalent  to 
a  rata  of  at  least  54  million  gad  within  IS  allot  of  the  city  centre.     The 
figure  Is  based  cm  the  calculated  nlnlwun  recharge  rata.     In  practice  it 
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ti  unllktlr  ttsat  111   the  •vallate  vector  cooto  to  capture.     In  oooltloo, 
ottor  mUIo*"*!"  oro  Intoroiro*  lo  «otor  MHiMM  lo  tto 
Atftflt loool    »^onlio*  of  grooM  ***•'  ■•*  to  ovolloBlo  froo 
wplfort  wott  of  tto  toontol*  o«olfor  oto  In  tto  IroBlto  oroo  ooo  f ron  tto 
otorocx  oo»t  of  tto  0ro*#  »lv»r.    Tto  oooltty  ©t  wotor  froo.  tM  *otor»torg 
0««tfor  ttoutd  to  bMt  tot   tto  OO-lfor  »•  «•»»»»  NMf  Mi  It  IB  ©tootf-l    If 
0*tls  ttot  «o«!d  ylolo  o»ro  tto*  JOB  or  toO     «■«»  tool,  to  umttrmt* 4 
I*  this  oron.    Mter  froo*  ottor  ovorfcurotn  ooolfor*  ooo  tto  roc*  oott  of  tto 
trmU  Nlvor  to*  o  hl«h  Iron  contoot  ono*  toy  rooulro  trooto»ot. 

Tto  ctoolcol  oanllty  of  Mtor  froo  tto  rock  *ost  of   tto  firon*  »lvor   If 
ontultooto  for  •  twolclool   tojoly,  toc©*~  tfto  Horont«  gooorolly  oocooco 
HOC  bob.  tot  cooli  to  oto*  to  oaoo  loototrlo*  for  cooling.    **tor  «•»••  '» 
UiW  «•»  «o«1«  •**  to  eootooloOtoB  m*  oooltf  to  rotorooB  to  tto  gro-oB. 

It  My  to  pootlBlo  to  oBtoln  o  ooyoly  of  ootor  fro.  tto  Sroto  Bivor  By 
•MM*  of  lof  MtmtlBB)  oyttoo*.    Tto  OjOBlltf  of    toch  ootor  wool*  not  to  •• 
goto  o»  tto  oratou  Mtoly  miwmffmif  trootnont. 

T^toVIIHOfMOUtoOOOBBBBry  oBMUMlBOMill    »lt*»  in  ft*  Of   tto 

ooolfor*  roforroB  to  Btooo  or  to  ottoBllo*  •  otto  for  on  I  of  N  trot  loo  iyito*. 
Tto  oast  fovowrooU  ftloto  to  toot  for  loflltrotloo  work*  oro  BoftsrltoB  lo  tto 
«o4  otooo  oo  Nob  S. 


tto  folloolof  •*•     Hini-^T 9m  ito  o**oo*n»«t  of  oncer  rcoMroot 

In  tto  ftltctonor  oroo. 

I.    lo  ortor  to*gor*o>Brofo»ty  too  irono*  lo  *rou»*«ator  tovol*  lo  tto 

-.     oMMOMitolo  oroo*.  ooiorvotloR  oolli  ftfeooto1  to  o»«oBU*toO 

stronfOt  »*«^^p^»  t  ""•  v—m — 

to  ooto  oroo.    tto  orooont  trooo  to  tto  Stroooi  ooo  itooootor  oroo*  I  to  lento. 
thot  too  imiwitooir  toooli  «ro  loonrlnt  oto  It  .III  to  oocotonry  to  totor- 
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•Ino  If  th*  oqulfnr  liMnf  ovorpunpe*  or  nhothnr  It  It  p*ttlhto  to 
ooorete  tilt  Mil*  teroty  at  «  looor  ounplng  touol. 
ooonrvetton  Milt  thou!*  to  *rltl*C  In  th*  tgrionu  irM  mt  of 
on*  In  Lot  33,  utT,  Tonnshtn  of  Waterloo*    That*  or*  mch*r»n  coot  In 
tit*  wonnhila  m4  Ire  itreet  eeolfers,  r*i»oetiv*ly.    toceut*  the 
level  any  to  different  at  different  level*  In  th*  onuffort  U  U 
ettaanaei  th*t  whoro  eeetlhfe  two  nolo*  ton  or! Ho*  ot  oosn  «ite,  ono  to 
thn  onto  of  th*  aquifer  on*  thn  other  to  •  eonth  10  to  10  root  tele*  too 
weter  tool*  •    Too  hahevleer  of  too  voter  tovol   in  tneee  nolo*  *v*r  o 
period  of  tev*ret  y*er»  ihoutd  nolo  to  ln*leot*  whathnr  or  not  noro 
eater  con i*  no  wUSdroan  pornanontly  fron  th*  pretent  well*  on*  neo 
oony  eetttlonel  nolle*  If  onyt  con  bo  construct**  In  th*  eeelfer.    In* 
I ft log  geeg*  noltt  theatd  no  aelntelned  on*  for*  port  of  to*  observation 
unit  nutnorm.    It  It  doubtful  If  ouch  Infbreotlon  on  thn  ooronnlol  yield 
of  ton  etolfer  could  be  ebtetaed  fron  gong*  hole*  edjecent  to  A! cor  Crook 
ontOMtt  tWt  It  c  dltsherg*  croc  one  tho  wetor  lovol »  1  ifeoty  wool*  ronoln 
nearly  coot teat. 

1.     If  On*  I  nf emotion  obtained  fron  the  abetrvetlon  well  cote  Indent**  that 
tho  aaeffer  It  loin*  «tned  no  notl*  onooot  raplaeanant  oat  I  a  thoolC  ho 
oonttrottti  In  tan  Strang**  iha******  on*"  Ncnnhalai  erect. 

S.      T**t  drilling  ononis  to  carried  out  to  attention  noil  tlto*  In  th* 
fattrtnoyg  atjclfer*  ant  lonor  eonJfor  tooth  on*  neat  of  honnhnlw,  th* 
•rotla*  ecetfer*  on*  tho  ho  troth  oo*t  of  tho  area*  hlvnr. 

a.     Tatting  theuld  ho  carried  out  In  th*  erect  o*]ncont  to  th*  trend  bluer 

ohaon  an  Nat  |  to  detofwine  If  an  Infiltration  *y*too  could  on  constructed, 
tegular  teapttng  of  thn  frond  Moor  ami  enalytlt  for  phenols  sheul*  h* 
at  port  of  th*  totting  progrea* 
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$.      In4u»trias  that  nee*  «atsr  for  cooling  shwU  take  Mt«r  froa  Umi 
ana*  chant  J  return  the  water  to  the  bedrock  of  tor  um  where  cuth  wl 
car  lonely  lower  the  ground-water  levels. 

t.      The  city  itwiU  Initiate  •  Joint  «**>  with  other  Municipal  I  tine  In  til 
aroo  to  oeiernina  tha  aett  off Iclont  waye  to  Jointly  exploit  the  water 
retourcee  of  tho  area  beartnu  In  olnd  that  at  nan  future  ante  it  nay 
ho  ftecectary  to  um  both  croon*  ana"  enrface  eoureat  of  cepply* 


a 


All  of  which  It  respectfully 


itten. 


Prepare**  byt    V.  A.  0lnaa. 
^upervlceo  bys  s.  ft.  Jaffa. 


A.  K.  Watt,  01  rector. 
Water  Resources  01  vision. 


/ate 

Jan.  2,  1914. 
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Wells  in  Part  of  Lots  33  and  34  G.C.T. 
—  Township  of  Waterloo  — 
and  in  Part  of  the  City  of  Kitchener 


Nov.  1963 
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""ABLE  2   -  CHEMICAL  ANALYSES  * 

All  analyses  except  pH  arc  reported  in  parts  per  million 


ell 

o.   MUNICIPALITY 


Cone.  Lot  OWNER 


Lab     Hardness  Alkalinity  Iron  Chloride   pH   Fluoride  Sulphate  Free   Date 
No.     as  CaC03  as  CaC03  as  Fe   as  CL   at  Lab   as  F    as  SOa  Amonia  Sampled  Aquifer 

as  N 


3-1  Waterloo 
0-1  Waterloo 
2-1  Waterloo 


Waterloo  PUC 

#4  W-615 
Waterloo  PUC 

S.T.P.  W-2096 

Jos.E.  Seagram  W-6235 


2-1  Waterloo  Twp.  BNT 

2-1  Waterloo  Twp.  BUT 
>-2  Waterloo  Twp.  BUT 

>-2  Waterloo  Twp.  BBF 

!-l  Waterloo  Twp.  BBF 

>-l  Waterloo  Twp.  BBF 

:-l  Waterloo  Twp.  BBF 
!-15  Waterloo  Twp.  BBF 
>-l  Waterloo  Twp.  BBF 


8   Chalon  Estates 

Inc.  W-1021 

Mel  Wright  W-437 

Ross  Hamilton  W-436 

8  HaroH  Clemens  W-434 

9  K.  Mart  Plaza  W-2028 
19   Gerald  Hofstetter  W-432 

23  Embassy  Motel  W-2675 

24  C.E.  Zinkham  W-30O 
27   John  Straus  W-430 


-1  Waterloo  Twp.  BBF   30   H.H.  Wideman    W-431 


-1  Waterloo  Twp.  BNS   11   R.J.  Steffler   W-6231 


-1  Waterloo  Twp.  BOS    4 
-1  Waterloo  Twp.  BOS    6 


Cherry  Gehman   W-441 
Harry  Kinsie    W-439 


306 


2-1  Waterloo  Twp.  BNT    2   A.  E.  Barron    W-2991    428 


208 


280 


710 
1360 


242 


0.10 


10 


226 


204 


2.2 


0.84 


8 


232 

206 
170 


0.10 


3.50 
2.70 


5 
4 


7.6   0.1 


1450 

182 

0.19 

15 

7.3 

516 

246 

0.0 

19 

7.8 

7.5 


7.8 


.240  sa. 

174 

5.00 

3 

7.2 

540  ; 

196 

0.82 

4 

7.2 

216 

216 

0.34 

4 

7.8 

370  a.s- 

208 

0  0.43 

24 

7.9 

224  2.€ 

212 

0.48 

4 

7.7 

210   O 
196 
204   -  7 

210 
206 
204 

0.60 

0.55 
0.98 

7 
5 
3 

7.7 
7.7 
7.7 

150   r - 

176 

0.20 

trace 

7.8 

7.8 


7.4 
7.2 


220 


31/1/63  Waterloo 


4/10/63  Rock 

0.08 

10/26/62  Waterlo< 

5/14/62  Middle  a 

Lower 

Middle. 

2/18/63  Lower 

• 
1/23/63  Over-  r 

burden  1 

1/23/63  Rock  J 

1/23/63  Over-  1 

burden. 1 

4/8/63  Over- 

burden I 

1/23/63  Over- 

burden 

4/27/63  Rock  "] 

1/16/63  Rock 

1/23/63  Over- 

burden-! 

1/23/63  Rock 

11/12/63  Lower  -1 

** 

1/22/63  Hock 
1/23/63  Over-  L 
burden 


TABLE  2      - _  CHEMICAL  ANALYSES    ■  £ 

All   analyses  except  pH  are   reported   in  parts  per  million 


ill 

5.  MUNICIPALITY  Cone.  Lot  OWNER 


Lab 

No. 


Hardn 
as  C 


7-1   Waterloo  Twp.  BT 
)-l  Waterloo  Twp.  BT 


n*ss  Alkalinity  Iron  Chloride   pH   Fluoride  Sulphate  Free   Date 
■*C03  as  Ca(,03  as  Fe   as  CL   at  Lab   as  F    as  SO4  Amonia  Sampled  A 

as  F 


quifer 


3-1  Waterloo  Twp.   BOS       10       J.W.   Leeson  W-440  48O 

L-l   Waterloo  Twp.    BOS        12        Sigrmind  Martenko  W-6240        640 


A.   Musselman         W-6239         240 

Boon  Pioneer 
Village  W-6229         254 


213 
174 

223 
226 


4.35 
0.35 

0.35 
1.42 


7 
4 

4 
6 


7.5 
7.7 

7.9 
7.7 


1/22/63  Over- 
burden 
11/12/63  Kiddle  a 
Lower 


11/12/63  Middle  01 
Lower 

11/12/63  Middle  a 
Lower 


•4-1  Waterloo  Twp.  OCT  26 
U4  Waterloo  Twp.  GCT  35 
»-l  V.'aterloo  Twp.  GCT  46 
\-l   Waterloo  Twp.  GCT  102 


.-1  Waterloo  Twp.  GCT 
-1  Waterloo  Twp.  GCT 


-1  Waterloo 
-1  Waterloo 
-2  Waterloo 
-1  Waterloo 
-1  Waterloo 
-1  Waterloo 
-1  Waterloo 


-1  V/ilmot  Twp. 
-1  Wilmot   Twp. 


104 
108 


Twp. 

GCT 

111 

Twp. 

GCT 

115 

Twp. 

GCT 

115 

Twp. 

GCT 

115 

Twp. 

GCT 

119 

Twp. 

GCT 

138 

Twp. 

GCT 

147 

Waterloo  PUC  #5  W-616 
John  Blazer  W-6238 


K.W.C.   #21 
Elton  Randall 


W-2811 
W-6247 


486 
270 
272 

280 


272 
370 
380 
230 
178 
500 
220 
484 


Block  A,TlOWilfred  Scheidel  W-6233 
Block  A,5_6Quenton  B.  Hallraan  W-6232 


-1 
-2 
-1 


Wilmot  Twp. 
Wilmot  Twp. 
Wtlmot  Twp. 


BRS  2  K.W.C.  #23 
3RS  2  K.W.C.  #22 
BRS    3   K.W.C.  #24 


W-2814 
W-2812 
W-2813 


210 
400 


278 
272 
270 


194 

'*  234 

264 

22.  238 


P.W.  Wagner  W-6246    300   51  208 
Jos.E.  Seagram  r  . 

&  Sons  W-7001 

W-W  Airport  W-6248 

C.  Stoermer  W-6245 

Elmer  Brandon  W-4325 

Elmer  Brandon  W-4326 

Clarence  Eby  W-6241 

K.W.C.   #25  W-34 

J.H.  Sallans  W-6230 


57 


188 
204 
228 
256 

214 
270 
198 
158 


198 
174 


252 
254 
246 


1.52 
2.56 
0.17 
0.28 

1.24 

0.32 
1.60 
2.04 
0.43 
0.27 
0.10 

0.92 


0.18 
1.84 


0.10 
0.45 
0.15 


5 
10 

7 

9 

10 

5 
7 
7 
2 

5 

14 

11 

3 


4 
4 


14 

11 

8 


7.5 
7.9 
7.8 
7.3 

7.9 

7.6 
7.8 
7.9 
7.9 
7.9 
7.9 
8.6 
7.8 


8.1 
7.9 


7.9 
7.8 
7.9 


0.5 


410 


140 


0.29 


0.2 
0.3 


1/31/63 
11/12/63  Middle 

5/27/63  Mannhein 
11/12/63  Lower  0i 

Middle 
11/12/63  Rock 


12/4/62 
11/12/63 
11/12/63 
7/24/62 

7/24/63 
11/12/63 
12/30/63 
11/12/63 


\ 


Rock 

Rock 

Rock 

Breslau; 

Breslau^ 

Breslaw 

Mannheii 

Lower 


11/12/63  Lower 
11/12/63  Lower  \ 

5/27/63  Mannhein 
5/27/63  i-knnhei* 
5/27/63  Kannheia 


TABLE  2     CHEMICAL  ANALYSES         £■ 
All  analyses  except  p"re  reported  in  parts 


per  million 


ell 

D.   MUNICIPALITY 


Cone.  Lot  OWNER 


Lab 
No. 


7-2  'vilmot  Twp.  ERS  1 
7-1  V/ilmot  Twp.  ERS  3 
t-1   V/ilmot  Twp.    ERS    3 


h-l  V/ilmot  Twp.  SRN  1 

Ul  V/ilmot  Twp.  SRN  5 

1-1  V/ilmot  Twp.  SRS  7 

.-1  V/ilmot  Twp.  SRS  9 


afcaCO^  A^ac^nty   Ir?n  Chl°ride   PH   fluoride  Sulphate  Free   Date 
as  CaC03  as  CaC03   as  Fe  as  CL    at  Lab  as  F     as  S04  Amonia  Sampled  Aquifer 
as  F 


Waterloo  PUC 

57-6 
Waterloo  PUC 

57-7 
Waterloo  PUC 
#6 


W-617 


W.E.   Potawarka     W-6237 
Jack  Rechsteiner  W-62-36 

Tend-R. Flesh  Ltd  V/-6235 
N.  Swart zent ruber  VJ-6234 


216 
236 
270 


270 
123 

290 
270 


4 


L 


J       214 

212 

240 


234 

166 


234 

246 


0.6  11 

1.6  7 

0.33  7 


0.25 
0.43 

0.12 
0.03 


5 
6 

22 
11 


7.7       0.1 


7.9 
3.1 


3.0 
7.3 


39 


St^gatha 

St.Agath 

31/1/63  St.Agath 


11/12/63 
11/12/63 

11/12/63 
11/12/63 


Mannheii 
Lower  o\ 
Mannhei] 
Peterbtr 
Peterbu; 

i 


i 


Q 
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